Abstract: Ligularia, an important genus of the Compositae family, has captured the interest of natural product chemists for years. Phytochemical investigations on the title genus have led to isolation of hundreds of secondary metabolites with various skeletons. Herein, we summarized the chemical constituents of this genus and their biological activities over the past few decades.
Introduction
The genus Ligularia has been taxonomically placed in the Compositae (tribe Senecioneae) with more than 27 species used as folk remedies 1 . The systematic and in-depth phytochemical investigations on Ligularia species have resulted in hundreds of secondary metabolites with various skeletons and interesting biological activities have been discovered from this genus. The application of some Ligularia species in traditional medicines has been in period. For example, L. sagitta possess efficacies of relieving phlegm and cough, invigorating circulation of blood, soothing pain, and particularly curing rheumatoid arthritis 2 . L. fischeri has been used as a folk medicine for the treatment of coughs, inflammations, jaundice, scarlet fever, rheumatoidal arthritis, and hepatic diseases 3 . L. veitchiana was reported for the treatment of influenza, cough, ulcer and pulmonary tuberculosis 4 . L. lapathifolia has been used to treat cough and inflammation 5 . Furthermore, L. sibirica and L. hodgsoni are used as herbal remedies to treat bronchitis, cough, asthma, and phthisis 6 .
Searching for bioactive molecules from nature source has always been our interest [7] [8] [9] [10] [11] [12] . In the past years, some Ligularia species, such as L. virgaurea spp. oligocephala 9 , L. myriocephala 13 , and L. fischeri 14 , have been investigated in our lab from the viewpoint of phytochemistry. The promising results stimulated our interest in Ligularia species as a source of substances with chemical and biological diversity. Here we review the state of the art in the phytochemical investigation and biological activity evaluation of Ligularia species in recent years (1990.1~2011.6).
1 Chemical Constituents 1.1 Sesquiterpenoids: As the major chemical constituents, there are 289 sesquiterpenoids reviewed. These sesquiterpenoids comprise eremophilane-type (1-1 to 1-210), bisabolane-type (1-211 to 1-242), oplopane-type (1-243 to 1-248), guaiane and pseudoguaiane types (1-249 to 1-253), eudesmane type (1-254 to 1-258), and other skeleton types (1-259 to 1-267) as well as dimers (1-268 to 1-289). The names and corresponding plant sources of these sesquiterpenoids were listed in Table 1 1-6,9,13-99 .
Eremophilane Sesquiterpenoids:
Of the 368 secondary metabolites reviewed in this paper, there are 210 eremophilane sesquiterpenoids (1-1 to 1-210). Consequently, the eremophilane sesquiterpenoid is the most common phytochemical type. Thus, the taxonomic significance of eremophilane sesquiterpenoids for the genus Ligularia needs further study in future. Most of these eremophilane sesquiterpenoids were obtained in the form of lactones, and they can be divided into five groups from the structural viewpoint: a) eremophilane -12,8- 5, 1-8, 1-12, 1-13, 1-16 to 1-18, 1-22, 1-24 to 1-26, and 1-31 to 1-35) , an epoxy group has been formed between C-1 and C-10. Furthermore, a double bond is often constructed between C-8 and C-9 (1-58 to 1-73) or C-7 and C-8 (1-74 to 1-77). *To whom correspondence should be addressed. E-mail: shiyp@licp.cas.cn 235) or between C-10 and C-11 (1-214, 1-215, 1-217 to 1-220, 1-223, 1-226 to 1-229, 1-233, and 1-235). In some cases (1-237 to 1-242), ring A is often oxygenated to benzonic moiety.
Oplopane Sesquiterpenoids:
The six oplopane-type sesquiterpenoids 1-243 to 1-248, listed in Table 1 , were all isolated from the roots of L. narynensis. Considering the structural characteristics, the C-3, C-4, C-8, and C-9 positions often possess various substitutions. Furthermore, in all of these structures, there is an epoxy group posited between C-11 and C-12.
Other Sesquiterpenoids:
Besides the above main sesquiterpenoids types, there were still guaiane-types 1-249 to 1-251, pseudoguaiane-types 1-252 and 1-253, and eudesmanetypes 1-254 to 1-258, as well as other types 1-259 to 1-267 being reviewed. Their names and corresponding plant sources were detailed in Table 1. Compound 1-262, possessing a new carbon skeleton, was discovered from L. virgaurea spp. oligocephala 9 . The lactones 1-263 and 1-264 were obtained as a pair of isomers, and their structres were determined using extensive spectroscopic methods 92 . The novel structures 1-265 and 1-266 were obtained as sesquiterpenoid-coumarin dimers 93 , which are rarely discovered from nature source. 
Sesquiterpenoid

Monoterpenoids and Diterpenoids:
The structures of monoterpenoids 2-1 and 2-2 and diterpenoids 2-3 to 2-5 were provided, and their names and plant sources were listed in Table 2 15,62,88,100 . Of them, structure 2-3 was isolated as a C 19 -diterpenoid carbon skeleton from L. sagitta, and its structure was further confirmed using single-crystal X-ray diffraction method 62 .
Triterpenoids:
The ten triterpenoids 3-1 to 3-10 mainly comprise oleane and norursane types. Their names and corresponding plant sources were indicated in Table 3 40,47,100-105 . Of them, compounds 3-3 and 3-4 were obtained as triterpenoid saponins from L. veitchiana 102, 103 . Compounds 3-5 and 3-6 were isolated from L. intermedia in the form of 3,4-seco-oleanolic triterpene acids 104 . Compounds 3-7 and 3-8 are norursane-type triterpenoids and were isolated from L. tongolensis 47 . Table 4 4, 6, 39, 66, 80, 83, 89, [105] [106] [107] [108] [109] [110] [111] [112] [113] [114] [115] [116] [117] [118] [119] [120] . Among these structures, 4-49 and 4-50, 4-51 and 4-52, 4-53 and 4-54 were isolated as racemates from L. stenocephala, which were further comfirmed by the chiral HPLC analysis 120 . 3β-Acetoxy-8-oxoeremophil-6(7),9(10)-dien-12-oic methyl ester L. hodgsonii root and aerial part [36] 1-163 2-Acetyl-8a-methyl-2-(2-methyl-but-2-enoyloxy)-6-oxo-1,2,3,4,4a,5,6,8a-octahydro-naphthalene-1-carboxylic acid L. lapathifolia root and rhizome [70] 1-164 1β-Hydroxy-6(7),9(10)-dien-8-oxo-eremophil-12-oic acid L. veitchiana whole plant
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1β-Hydroxy-6(7),9(10)-dien-8-oxo-12-nor-11-hydroxy-eremophiladiene L. veitchiana whole plant 
